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"" B tne layer as a powder image 

moreover has a tendency to run during fix- 

25 ing of the image, with the result that the 
image areas do not' have shaip margins. 

iC^velopers have been projposed which con- 
sist of a mixture of organic and inorganic 
con^onents having approximately the same 

30 partide size, but it has not yet been possible 
to produce a satisfactory re^ous toner which 
acquires a negative charge. 
^ Negatively chaiged organic toners arc par- 
ticularly desirable because organic photo- 

35 conductive coatings can easily be provided 
• with a positive charge. Intent electrostatic 
images produced by image-wise exposure of 
such materials can be satisfactorily developed 
by a developer containing a negatively 

[Price 



tun. xcsuic 01 tne tribodectzic effect and 
components of the developer having a 
tide aze in the range of 0.2/a — 20 fi. 

The developer according to the inve 
is primarily intended for use in devdc 
latent electrostatic images produced 
image-wise exposure of dectrophotogn 
materials having an organic or inor; 
photoconductive coating. It may als 
used for deydoping electrostatic pauems 
duced by inaagewise exposure of a sui 
coating provided with a direct-current 
age. The basic prindples of this m< 
are described in the book "PhotoelectretJ 
the Electrophotographic Process" by V 
Fridkin and I. S, Zhcludcv (1961), Lil 
of Congress Catalog Card Number: 
10020, and H. Kallman, B. Rosenfc 
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Developer for Latent Electrostatic Images 



We, Kali-e Akteengeseixschaft, a Body 
Corporate organised according to tbe Laws 
of Germany, of 190 — 196 Rheingaustrasse, 
Wiesbaden-Biebrich> Federal Republic of 
Germany^ do hereby dedaxe the invention for 
which we pray that a patent may be granted 
to us and the method by which it is to be 
performed to be particularly described in and 
by the following statement : — 

I>evelopcrs for latent electrostatic images 
are known which consist of a mixture of par- 
ticles of an organic material, known as a 
toner and normally consisting of a synthetic 
resin, and of larger carrier particles, the par- 
ticles of the toner and tlie canier acquiring 
opposite charges when they are nuxed to- 
gether. The carrier particles roll off tibie 
electrophotographic material during develop- 
ment and are therefoxe liable to cause dam- 
age to the powder image produced by adhesion 
to the toner which is electrically attracted to 
the electrophotographic h^r. Hie toner 
remaining on the layer as a powder image 
moreover has a tendency to run during fix- 
ing of the image, with the result that the 
Image areas do not have sharp margins. 
^ 'I^velopers have been proposed whidi con- 
sist of a mixture of organic and inorganic 
components having approximately the same 
particle siz^ but it has not yet teen possible 
to produce a satisfactory ze^ous toner idiich 
acquires a negative dsarge. 

Negarivdy chaz^ organic toners arc par- 
ticularly desirable because organic jAoto- 
conductive coatings can easily be provided 
with a positive charge. Latent electrostatic 
images produced by image-wise exposure of 
sudi materials can be satisfactorily developed 
by a developer containing a negativeiy 
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charged organic toner, the Image areas being 
covered homogeneously by the toner powder. 
Negatively charged toners are also of com?- 
mercial importance in connection with tiie 
production of enlargements from film nega^ 
tives. In this case the image areas aie not 
charged, whereas the non-image areas have 
a negative chaige, if, for example, sai elcc- 
-trophotc^raphic zinc oxide paper is used. 
By using a negative toner a reversal to a 
positive copy is obtained without recourse to 
a cosdy intermediate stage. 

The invention provides a developer, cap- 
able of developing latent dectrostatic images, 
and consisting of a nuxtuie of partides of 
inorganic material which acquire a positive 
diarge and of particles consisting \d)olly or 
partly of a vinyldiloride copolymer contain- 
ing carboxyl groups and which acquire a 
negative charge, said partides acquiring thdr 
respective diaiges wnen mixed togetSw as 
the result of the tribodectric effect and bodx 
components of the developer having a par- 
tide size in the range of 0.2?*— 20;i. 

The devekjper according to the invention 
is primarily intended for use in developing 
latent dectrostatic images produced by 
image-wise exposure of electrophotographic 
materials having an organic or inorganic 
photoconductive coating. It may al^ be 
used for devdoping dectrostatic patterns pro- 
duced by imagewise exposure of a suitable 
coating provided with a direct-current volt- 
age. The basic prindples of this method 
are described in the book *'Photoelectrcts and 
the Electrophotographic Process" by V. M. 
Fridkin and L S. Zheludev (1951), Library 
of Congress Catalog Card Number: 61 — 
10020, and H. Kallman, B. Rosenberg: 
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"Persistent Internal Polarization" Fbys. Rev. 
. 1955, pages 1596—1610. 

The following materials may, for example, 
be Tiscd as the inorganic particles which 
5 acquire .a. positive charge : — calciimi sulphate, 
ammonimn chloride, sodium chloride, potas- 
sium bromide, potassium sulphate, copper 
sulphate, alimiinium-potassium sul|^ate or 
sodiimi sulphate; oxides, for example aiu- 
10 minium oxide, iron oxide, titanium dioxide, 
zinc oxide or cc^per oxide; silicates, for ex- 
ample kiesdguhr, dlica gel^ talcum or glass 
powder; borates, for example soditmi meta- 
borate or potasshmi borate; or csurbonaies, 
15 such as calcium carbonate, magnesium car- 
bonate, potassium carbonate or sodium car- 
bonate. Mixtures of these substances may 
also be used. The above-mentioned com- 
poimds are ground to a fine powder and 
20 sieved. 

The following substances are suitable for 
use as the particles which acquire a nega- 
tive charge: — compounds which are obtained 
by polymerisation of vinylchloride with vinyl- 
25 esters of fatty adds, such as acetic acid^ pro- 
pionic acid or butyric acid, and which con- 
tain a small proportion of an unsaturated 
monocarboxylic acid^ such as crotonic add 
or dnnamic acid or an unsaturated dicar- 
30 boxylic add, such as maldc add, fumaric 
acid, itaconic add. Such produts are 
'known and commerdally available. 

-The parrides of the developer are prefer- 
ably of size in the range of 1ft — 10/t. 
35 The partides of vinylchloride copolymer 
containing caiboxyl groups may be coloured, 
e.g. by means of disperse dyes (Colour In- 
dex, VoL 1, pages 1655—1742) such as Celli- 
ton dyes, Qbaoet dyes and Setacyl dyes, fat 
40 dyes, such as Sudan dyes; cxr dyes of the 
Naphthol AS series. 

Thus 5.0 — ^20.0% by wdght of the copo- 
lymer of the selected dye may be suspended 
in water together with the i>owdered copoly- 
45 mer, and stnned for 2—3 hours at a tem- 
perature of 40— 70"C If desired, 2.0-^ 
15.0%' by weigjit of an auxiliary agent^ for 
sample phenyle^ylurethane or chlcootolu^e, 
may be added in order to facilitate dyeing 
50 and to obtain a deeper colour. Preferably 
4.0 — 6.0% by wdght of the auxiliary agent 
is used. When dyeing is completed the 
powder is filtered off by suction and washed 
with water, with or without the addition of 
55 natural or synthetic washing agents, and then 
dried. Tf desired, the material may there- 
after be ground in a ball mill and sieved. 

To prepare the devdoper, one or more of 
the inorganic positive charging toners, and 
60 one or more <^ the organic resinous negative 
charging toners are xmxed together, prefer- 
ably in proportions of 1 : 1 to 20: 1 by wdght, 
proportions of 2: 1 to 4: 1 being jHcferred. 
The developer is applied in known manner 
65 to th» latent electrostatic image to be de- 



veloped and may subsequently be fixed by ex- 
posure to solvent vapours or heat. The 
electrostatic partem to be developed can be 
produced in various ways, for example by 
subjecting a photoconductive layer to a 70 
Corona fischarge, followed by imagewise ex- 
posure to visible, ultra-^violet, infra-red or 
X-rays, by direct dectronic -fbrniation of ac 
electrostatic pattern on an insulating *layer 
by transfer of such a pattern from -anodiei 75 
coating or by the method ' described in the 
book by FricBdn and Kallmann mentioned 
above. Furthennoze, the developed pow- 
der image may be tran^ened to anotfaei 
material before fixing, in particular by meam^ 80 
of a Corona discharge^ and may then be fixed 
on the transfer material. 

The devdoper may also be mixed with 
iron powder and affiled to the inoage to be 
developed by using a magnetic rod or a mag- 85 
netk: roller. 

If the electrophotographic layer is posi- 
tivdy charged, the organic toner will adhere 
to the unexposed areas of the layer and a 
positive image of the original will be ob> 90 
tained. Pnderably, however, the developei 
is used for developing a negativdy diarged 
layer. In this case, the organic toner ad- 
heres to Ae exposed areas of the layer and a 
negative image of the original is obtained. 95 

The developer according to the present in- 
vention has 'die advantage that its organic 
componem always retains its negative chai^ 
even if it is used for a prolonged period under 
conditions of low or high atmosp^ieric 100 
humidity. The devdoper is parciculariy suit- 
able for the dectrophotographic production of 
enlargements of negative microfilms. 

Since the inorganic toner adheres strongly 
to the borders of the image;, and accordingly 105 
surrounds the organic toner and ptevents.it 
from running, it mdts as the result of the 
heat applied during fixing. AccorcHngly 
copies with very sharp edges are obtained, 
and it is therefore possible to reproduce finer HO 
lines or screens than has heretofore been 
possible. 

If the photoconductive coating has been 
applied to a support T^ich is suitable for 
litho printing, it is possible to remove the 115 
nonrimage areas of the devdoped and fixed 
copy and render them hydrophilic by treat- 
ment with an add or alkaline solution, fol- 
lowing which the image areas carrying the 
hydrophobic toner are inked m with greasy 120 
ink. The resulting printing plate is suitable 
for litho printing. 

Considerable advantages are achieved by 
the use of the above described devdoper when 
producing a printing plate. Since the par- 125 
dele size of the two components is approxi- 
mately the same, and since they generally 
also have approximatdy the same specific 
gravity they are both retained on the image 
surface During fixing the inorganic toner 130 
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does -iiot indt, but remains on the coating, 
and when the non-unagc areas of the coating 
are removed the inorganic toner is also re- 
moved together with the molten organic par- 
ticles adhermg to the coating. Copies with 
a completely clean background are therefore 
obtainea. 

Example 1: 
S^parts by weigjit of a black disperse dye 
Celhtra Fast Black BTOU (disp^^e dye) 
^:5>.?*«,^J^ 17'*2, are suspended at 
30 in 1500 parts by weight of water and 
5 parts by weight of phenyl-ethyl-nrethane 
are added. and the mixture is cooled to 40^0 
while stimng 50 pans by weight of a 
ppwd^ copolj^r of 85% by weight of 
TOiyichlonde, 14% of vinyl-acetate and 1%- 
of malcic acid are then added in small por- 
tions ^to the cooled suspension, which is then 
stirred for i hour at 40^C and ^en gradually 
heated to 65^C over a period of H hours, and 
imally stirred for another hour at this tem- 
perature. After the colouied powder has 
oeen filtered by sucdon it is washed with 
water and air-dried. The coloured material 
IS then ground in a ball mm and sieved, and 
particles thereof having a size range of 3 to 
5/1 are mixed with kieselguhr particles having 
a size range of 3 to 5/i in the proportion 1:4 
by weight. 

The developer so produced is suitable for 
the preparation of reversal images. To this 
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end an electrophoto^a^ric pi^r for .i'^'^'^ negatively 

ample paper coated zL'^^lide/^ Sf^fl ±?f^£^^'??5^?^^^ thJ 



aiyk paper coated with zinc oxide, is pto- 
liSSr ^ negative charge by means of a 
6000 volt Corona discharge and then exposed 
to light imder a positive origmaL TTie de- 
veloper is poured over the resulting electro^ 
static image. The coloured toner powder 
adheres to the areas affected by light and 
the resulting visible negative image is fixed 
by heatmg. The image has very good con- 
trast and an entirely homogeneous coverace 
of the image areas. 

Example 2: 
An aluminium plate which has been coated 
with selenium by vapour-deposition is pro- 
dded with a positive charge by means of a 



parts by weight of phenyl^thyl-urethane. The 
•negatively charged yellow toner adheres to the 
unexposed areas which have a positive charge, 
. positive visible image is obtained. 
Ihe visible image may be transferred to any 
desired support, such as paper, aluminium or 
fixed ^ material in an electric field and then 

EXAMPLES: 

100 parts by weight of 'Vinylite* VMCH 
(Registered Trade Mark), a copolymer of «6%J 75 
by weight rfvinyldiloride, 13% vm^^^ 
fh!« 1 o/'^l^ compound containing less 
tiian 1 % of a dicarboxylic add (beKevcd to 
bcmaleic acid), are dissolved at 40^C in 
^ooa parts by weight of water contaimne: in 
^^ension 12 parte by weight of a black dis- 
perse dye Qbacet Diiazo Black B (CI. 11255V 
and. the mixture is stirred for 3 horns at 
A • ^^^"^^ powder is obtamed after 
orying. This toner is mixed with borax: 
m the proportion of 1:2 by wd^t. Both 
consntuents have a particle size of appioxi^ 
mately 6^, The resulting develofJ^ is 
poured over a latent electrostatic image which 
Hadbeen prepared as described m example 1. 

«ffl2L''K''''TK^^^^^.^^«^<^ t^e areas 
^ected^ by hght, and a reversal image of 
me ongmal is ob^ned, for example a posi- 
tive ima^ from a negative original It is 
also possible to project an enlargement of a 
negative microfihn on to the negatively 
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aid of a projector, and to treat the lesultine 
^arged latent image with the developer jusi 
descnbed. A positive enlargement with 
very good contrast is obtained. 

Example 4: 
30 parts by weight of a copolymer of vinyl- 
cWonde, vmylacetate and maleic add fVilit 

^l^^'^^u^'^^^'l ^ ^ suspension, in 105 
>7V parts by wei^t of water, of 1 part bv 
wei^t of a black disperse dye Sctacvl Black 
GSP (disperse dye) OI. PaiTl, ^?1742!l 
^rt by weight of a black fat dye, Sudan 
mackj CI, 26150, the water confining 4 110 
parts by weight of chlorotolurae. ThTmx- 
ture is stirred for 2 hours at 70°C. The 



6000 volt Co^na dischargi espied to tnr^r'^T^^ ^ ^ ^^'^^^ 
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mg electrostatic image is brought into con- 
tact with a magnetic rod which has been 
dipped mto a developer mixture of 100 parts 
hy weight of iron powder, 40 parts by weight 
of alummium oxide and 10 parts by weight 
<tf a copolymer of 85% by weight of vinyl- 
chtonde, approximately 15% of vinylacetate 
and less than 1% of a dicarboxylic acid (be- 
heved to be maleic acid). This copolymer is 
sold under the Registered Trade Mark 
•Vinnor E 15/45 M. The developer also 
a>ntamed 0.4 parts by wei^t of a yellow 
J^erse dye, Setacyl Yellow 4 RL (Disperse 
Yeflow 34, GI, Part I, No. 1672) andO.5 



resulting developer is suitable for obtaining 115 
^ positively charged coating^ 

The kiesdguhr was purified as follows: 20 
parte by weight of a commercially avaikHe 
product are boiled for one hour in 300 parts 
by weight of 15% hydrochloric add. After 
coolmg, the kieselguhr is separated by fiftra- 
tion, washed with water and dried. The 
product is then heated to 600— BOO'^C 
Kieselguhr whidi has been pretreated with 
tnchlorosilane could also be used as an alter- 
native. 

ture of 30 parts by volume (i.e. c.c.) of ethyl- 
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ene glycol mDnomethylethcr and 1 part (i.e. 
grams) by weight of 2.5-bis-[4^-dicthylamma. 
Senyl(10] 13.4-oxadia2ol and 0.8 parts by 
weidit of ia copolymer of styrene and roalac 

5 acid anhydride having a specific gravity of 
1 26—1-28 and a decomposition temperature 
of 200—240*'. After electrostatic chargmg 
and image-wise exposure, the resulting latent 
electrostatic image is developed by means of 

10 ■ the developer just described and fixed oy 
suWecdng it to tiichloroetbylcne vapour and 
subsequently -heating to 180°C. To con- 
vert it into a printmg plate, Ae 5x^d ima^ 
is wiped over with a solution contwnmg 10 ^I 

20 by weight of monoeAanolanune, 5 % of sodnim 
mctasilicate, 20% of ^ycerol^ 10% of tn- 
•glycol and 55 % of methanol. This removes 
2ie coating in the non-image areas togetto 
with the kieselgiAr deposited thereon. AftCT 

25 brief rinsing with water the plate can be 
. inked up with greasy ink and used m an o^ 
tn(>c^ine to produce . copies whidi are ftcc 
•from backg^und. 

WHAT WECaLAIMIS:— . 

30 1. A developer, capable of devdopmg 
latent electrostatic images, and consistmg of 
a mixture of particles of hsorgamc material 
which acquire a positive charge and of jw- 
-tkies consisting wholly or partly of a vmy!^ 



diloride copolymer containing caxboxyl gxoups 35 
and which acquire a negative charg^ said 
particles acquiring their rcspecave charges 
when mixed together as the result of the tnbo- 
electric effect and bodi componcn^ of the 
developer having a parade size m the range 40 
of 0.2/1—20/1. ^. , . < • 

2 A developer accordmg to daim 1, m 
whidi the inorganic panides are of l^sdgqhr. 

3. A developer according to daim 1 or 
claim 2. in which the parrides wMch acquire « 
a negative charge consists of a copolymer o| 
«5% by wcigte of vinylchloride, 14% of 
vinylacetate and 1% of makic add. 

4. A devdopcr according to any precedmg 
claim, in which the particles have a fine siac SO 
within the range of 1/t to lO/i. ^ 

5 A developer accordnig to dama 1, «il>- 
standally as described herein with reference 
to any the foregoing £xani^^ 

BREWER & SON, 
Chartered P^ent Agents, 
5^ Quality Court, Chancery Lane, 
London, W.C2. 
Reference has been directed in pursuance 
of Section 9, subsection (1) <^ JtfS^ 
Act, 1949, to Patents Nos. 975694, 944396, 
944395, 944394 and 944393, 
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